The system of nonlinear equations modeling the process of nonstationary stimulated Raman scattering (SRS) in noncentrosymmetric crystals for the waves on laser, Stokes, polariton, and phonon frequencies is investigated by using the numerical methods. The general case for amplitudes of waves that resulted in doubling of the number of equations is considered. It is shown that the application of the methods of finite differences to the computer simulation of transition regimes is completely consistent with the analytical results found for the asymptotical solutions in form of solitons. The obtained results also indicate that the laser pulses of Gaussian shape appearing at the boundary of nonlinear medium tend to become solitons of Lorentzian shape. It was also found that the formation of solitons occurs when the vibrations of optical phonons and that of electromagnetic wave were either in or out of phase. It is shown that all electromagnetic waves entering the medium with different speeds become solitons having the same speed. In the second part of the paper we considered the computer simulation of soliton stability with respect to small (weak) perturbations of all interacting waves. In the present paper we considered the case of evolution of those disturbances in the vicinity of peaks of solitons. The numerical analysis showed that in wide range of parameters the solitons were stable.
Introduction
A fast progress in producing ultrashort pulses stimulates the constantly growing interest in obtaining the additional information on both the optical characteristics of matter (the longitudinal and transverse relaxation times, the constants of the transition, etc.) and the possibility of creation of super short pulses propagating in a medium without energy losses [1] [2] . One of the effects that results in solitons is SRS under the conditions of the interaction of ultrashort pulses of exciting and Stokes radiation in a medium [3] - [5] . The effect of SRS is modeled by the system of abbreviated Maxwell's equations for the amplitudes of the electromagnetic fields and the equations of motion for the averaged polarization [6] . In many cases due to the complexity only the asymptotic behavior of those systems can be found [7] . However, to make clear, whether the SRS pulses go over to the soliton regime, it is necessary to solve the complete set of nonstationary equations which describes the temporal evolution of all interacting waves from the boundary of the medium. It is also important to consider the stability of the SRS solitons [8] . Using different numerical methods in computer simulation of space-time evolution of the interacting waves is the effective approach in analysis of the equations analytical solutions of which could not be found [9] - [11] . In this paper we use the assumption that solitons can exist if, at least, three conditions are satisfied: 1) the asymptotical solution in form of solitons is found; 2) the results of transition regime are consistent with the ones found in the previous part; 3) the obtained results are stable with respect to small (weak) perturbations. In our previous paper we established the possibility of existence of the solitons in nonstationary SRS with excitation of polar optical phonons [12] . In the present work it has been shown that the results of the computer simulation of the system of nonlinear equations (see [12] ) are consistent with the asymptotic solutions. The computer simulation was provided in Sections 3 and 4. The stability of soliton propagation was studied in Section 5.
Basic Equations
Let us assume that the pump laser wave with frequency l ω and Stokes wave s ω excite both the polariton radi- 
where: , 
where ˆf e is collinear with ' p e . We neglect the pumping of energy into the anti-Stokes and higher Stokes components, since we consider the case in which the intense fields of the exciting (laser) and first Stokes waves are present at the input of the medium. The basic system of nonlinear equations was found in [7] (the first three equations are abbreviated Maxwell's whereas the fourth one is the equation that simulates the behavior of the nonlinear medium):
, , ,
where the real amplitudes , , , 
where:
,
cos , 
Finite-Difference Equivalent of Basic System of Equations
In this paper, we apply the method of finite differences to show that space-time evolution of impulses is consistent with asymptotic behaviour in form of solitons. For the time derivative the forward difference was applied [11] :
For the space derivative the backward difference was applied:
The system (4)- (7) can be rewritten as follows 
where: 
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The chosen mesh was ( )
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Transition Regime of the Stimulated Raman Scattering Solitons
The pulses on laser and Stokes frequencies were chosen to be of Gaussian shape (their amplitudes were proportional to ( ) 2 exp t α −  (the coefficient α was 0.159155; this was done in order to minimize the transition regime and to get the area of each pulse close to π ). The two-dimensional arrays A for the amplitudes of waves were A [10] [1000] which resulted in 10,000 points for each wave. The conservation of energy (in our case the area under the pulse shape) was monitored by calculating the time integrals for each cross-sectional area in a medium. Since we suggested that the normalized areas of incoming waves (area divided by the amplitude) were equal to π , all those integrals showed the evolution of pulses of Gaussian shape to those of Lorentzian shape with normalized area of π ( 
Stability of the Stimulated Raman Scattering Solitons
Let the new amplitudes (amplitudes with disturbances) in unitless form be ( ) (4)- (7) we get the system of equations that can be significantly simplified if we consider the evolution of disturbances 
Conclusion
The system of eight nonlinear equations describing the SRS with excitation of polar optical phonons was numerically solved. The results of the computer simulation are completely consistent with the asymptotical solutions in form of solitons. It is numerically shown that with SRS on dipole-active phonons the process of propagation of pulses of Gaussian shape on laser and Stokes frequencies results in formation of solitons of Lorentzian shape at all frequencies of interacting waves. Those solitons are stable in wide range of parameters that characterize both the electromagnetic waves and medium.
